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ABSTRACT

INFLUENCE OF LONICERA MAACKII ON LEAF LITTER DECOMPOSITION AND
MACROINVERTEBRATE COMMUNITIES IN AN URBAN STREAM
Catherine Fargen
July 12, 2013

Lonicera maackii (amur honeysuckle) is an aggressive alien shrub that invades
many habitats in the Eastern United States, including along streambanks. This study
investigated the direct and indirect effects of L. maackii invasion on leaf litter
decomposition in an urban stream by placing leaf litter packs of L. maackii and the native
Acer saccharum (sugar maple) in stream segments invaded by or managed for L. maackii.
We found L. maackii litter decomposed two times faster than native A. saccharum, and A.
saccharum leaf litter supported a higher abundance of macroinvertebrates than L.
maackii. Functional feeding groups of macroinvertebrates were also affected by the
invasive species; significantly more scraper-gatherers were associated with A. saccharum
litter, and predators were positively associated with both A. saccharum and invaded sites.
Additional indirect effects of L. maackii presence along streambanks on leaf
decomposition and macroinvertebrate communities were negligible, possibly due to
overriding effects of urbanization.
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CHAPTER 1: INTRODUCTION

Invasive species are non-native organisms that have the potential to cause
economic, environmental, or human harm (Exec. Order No. 13112, 1999). The spread of
invasive species has been speculated to be one of the greatest threats to biodiversity; one
estimate suggests that invasive species are responsible for nearly half of the additions to
the Threatened and Endangered species lists (Pimentel et al. 2005). The problem is also
incredibly expensive. Restoration efforts and economic losses caused by invasive species
in the U.S. alone cost nearly $120 billion annually (Pimentel et al. 2005). Despite the
efforts that are put into solving the problem of invasive species, many aspects of invasion
remain unknown. In order to ensure that restoration and conservation resources are being
used effectively, the causes, mechanisms, and outcomes of invasion must be better
understood.
Lonicera maackii (amur honeysuckle, bush honeysuckle) is an exotic shrub that
has wide reaching impacts throughout the ecosystems it invades. It out-competes native
plants by having a prolonged growing season (Miller & Gorchov 2004) and allelopathic
compounds in the leaf and root tissues (Dorning & Cipollini 2006). It has also been
found to have ecosystem-level impacts by altering nutrient cycling dynamics (Blair &
Stowasser 2009) and influencing other trophic levels such as insect communities
(Cipollini et al. 2008). Lonicera maackii was originally imported from Asia in the late
1

19th century as an ornamental plant (Luken & Thieret 1996) and to mitigate effects of
erosion. Since then, L. maackii has spread throughout the Eastern United States; it is
currently found in 28 states including Kentucky (USDA).
Lonicera maackii is well established throughout Jefferson County, KY. A system
of highways throughout the county were built around 1970, during which time the
Department of Transportation actively planted L. maackii along the verges (KYTC
Projects Archive 2008). The plant likely then spread throughout the county via avian
vectors that consume the berries. Cherokee Park, which lies in the heart of the county,
became heavily invaded after a 1974 tornado destroyed many of the forested sections of
the park (Carreiro & Zipperer 2011). Over the past 7 years the Louisville Olmsted Parks
Conservancy has invested about $3.5 million dollars toward the eradication of L. maackii
in parks throughout the county and has removed about 98% in Cherokee Park (Waltman,
pers. comm. 2013). Other parts of the city, including along many highway verges,
remain invaded (Trammell & Carreiro 2011).
The dichotomy between invaded and managed areas of the county presents a
unique opportunity for L. maackii research, and several studies investigating various
aspects of L. maackii invasion have been conducted in Cherokee and neighboring areas.
For instance, Trammell et al. (2012) performed a study that compared the terrestrial
decomposition of L. maackii and native Acer saccharum (sugar maple) leaf litter and
found differential decay rates between the two species and an influence of presence of L.
maackii invasion on those rates as well. Another study looked at arthropod abundance
and diversity between L. maackii invaded and managed plots and found seasonal
variation among treatments, with higher abundance and diversity in the removal plots
2

during the spring season (Masters et al., in prep). One group investigated the unique
color signature of L. maackii presence in Cherokee Park by a remote sensing study, and
found that L. maackii presence could be determined with high accuracy from aerial
photos using this technique (Shouse et al. 2012). To date, however, no studies have
investigated the impacts of L. maackii presence or management on aquatic ecosystems in
Cherokee Park and surrounding areas of Jefferson County.
GIS study
Beargrass Creek is a network of three converging waterways in Jefferson County.
The Beargrass Creek watersheds encompass approximately 15% of the area of Jefferson
Co. and also include the area of Cherokee Park. For this study, I wanted to assess the
impacts of L. maackii invasion on stream ecosystem processes.

In order to get an

indication of these impacts at the larger, watershed scale, I performed a Geographic
Information Systems (GIS) study mapping the extent of L. maackii invasion throughout
the Beargrass Creek watersheds.
In order to estimate the extent of L. maackii invasion along riparian zones
adjacent to streams in the Beargrass Creek watersheds, some background knowledge was
required. A notable characteristic of L. maackii is the prolonged growing season, which
results from relatively early leaf formation in the spring and late abscission in the fall.
This, combined with the dense canopy of leaves created by L. maackii, results in
distinguishable patches of green among other species that lack leaves at these times.
Therefore, aerial photography taken in early spring or late fall should clearly depict areas
of L. maackii presence.

The Louisville/Jefferson County Information Consortium

(LOJIC) is a conglomerate of various local agencies that have joined together to meet the
3

GIS needs of the Louisville area. One service provided by LOJIC is the capturing of a
high resolution aerial image of the entire metro area every few years.

These raster

images are taken in early spring, a time that allows L. maackii presence to be identified as
lone patches of green vegetation.
The first step in mapping L. maackii invasion adjacent to streams in the Beargrass
Creek watersheds was to isolate the fourteen digit Hydrologic Unit Codes (HUC 14) that
drain into the three branches of Beargrass Creek. These were identified as the Muddy
Fork, Middle Fork, Beargrass Creek, and South Fork. These polygons were selected and
made into a separate shapefile. A subset of the LOJIC 2006 hydrographic polygon
shapefile (rivers, streams, and creeks) was then selected, clipped to Beargrass Creek
watersheds, and buffered to 15m in order to represent the riparian area.
The next step was to create a new polyline shapefile that identified L. maackii
presence or absence within 15m of the edge of the creek based on the LOJIC 2009 aerial
photograph. Although sophisticated techniques associated with remote sensing have been
developed in order to identify L. maackii with precise accuracy (Shouse et al. 2012),
these methods were not necessary for our purposes. Rather, segments of the stream that
contained clearly distinguishable patches of green within the 15m buffer were identified
as L. maackii present, and those without were identified as L maackii absent (Fig. 1-1).
The total lengths of stream segments adjacent to L. maackii were then used to calculate
percent invasion within each HUC 14 watershed and within all of the Beargrass Creek
watersheds combined. Segments of creek within Cherokee and Seneca Parks were
assigned an invasion status based on knowledge of recent restoration efforts. A LOJIC
landuse polygon was also clipped to the Beargrass Creek watersheds polygon (Fig. 1-2).
4

Ground truthing was performed in order to estimate the accuracy of this technique. This
was accomplished by choosing 20 points along Beargrass Creek and confirming whether
the presence/absence invasion status was accurately identified by physically visiting
those points. The points were haphazardly chosen and were relatively evenly dispersed
throughout the four watersheds. Percent accuracy was then calculated based on the
number of accurate identifications from the total number of points visited.
The results of this GIS study showed variable invasion among the Beargrass
Creek watersheds, ranging from 28% (Middle Fork) to 100% (Beargrass Creek) (Fig. 13). Overall, about 43 km out of a total 84 km (about 51%) of Beargrass Creek were
adjacent to L. maackii. Ground truthing of 20 points dispersed throughout the watersheds
suggested an 85% accuracy of invasion mapping. Some inconsistencies between the
ground truth and the map occurred due to relatively old images; the aerial photograph
used in this study was from 2009, which was 4 years prior to this study. The aerial image
was taken prior to the majority of the L. maackii removal in the Olmstead parks. It is also
possible that L. maackii invasion could have spread in some areas since the 2009
photograph was taken. During groundtruthing I also found evidence of some restoration
efforts that were previously unknown to me. Additionally, I found that my estimate of L.
maackii invasion was relatively conservative based on personal observation of the
riparian area as I was visiting the points.
Lonicera maackii can potentially impact stream ecology directly and indirectly.
These measures of invasion extent could help predict differential effects of L. maackii on
the aquatic communities throughout the Beargrass Creek watersheds. Furthermore, the
map of L. maackii invasion within the watersheds can pinpoint areas of greatest concern.
5

Based on this map (Fig. 1-1), the levels of concern regarding influences of L. maackii
invasion are not uniform across all areas of Beargrass Creek. For instance, Muddy Fork
seems to have both a high percentage of invaded stream and also a high total length of
invaded stream (Fig 1-3).

Coincidentally, large portions of this fork also pass through

parks, cemeteries, etc (Fig. 1-2). From a management perspective, these segments would
likely be easier to restore as opposed to Beargrass Creek watershed, which has mainly
residential and industrial land use (Fig. 1-2). Several other areas, including some of the
western segments of South Fork Beargrass Creek, are also heavily invaded and run
through parks, cemetaries, etc. Use of these maps (Figs 1-1,1-2) could help inform
decisions about restoration efforts to reduce the influence of L. maackii on aquatic
ecosystem processes and invertebrate communities throughout the Beargrass Creek
watersheds in Jefferson County, KY.
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Figure 1-1. Map of Beargrass Creek Watersheds and areas of Beargrass Creek adjacent
to riparian L. maackii invasion
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Figure 1-2. Map of Beargrass Creek Watersheds and areas of Beargrass Creek adjacent
to riparian L. maackii invasion including land use

8

Figure 1-3. Total stream length and percentage breakdown of L. maackii invasion and
absence in Beargrass Creek watersheds.
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CHAPTER 2: THE INFLUENCE OF LONICERA MAACKII ON LEAF LITTER
DECOMPOSITION AND MACROINVERTEBRATE COMMUNITIES IN AN
URBAN STREAM

Introduction
Leaf litter decomposition, the process by which fallen plant matter breaks down
physically and chemically, is an extremely important ecosystem process. Allochthonous
inputs, or the addition of fallen leaf matter from land to aquatic systems, form the base of
foodwebs in low order streams (Vannote et al. 1980). Additionally, leaf litter
decomposition is an integral step in the cycling of many nutrients such as carbon,
nitrogen, and phosphorus (Lindeman 1942, Triska et al. 1984, Meyer & Likens 1979).
The rate of leaf litter decomposition is controlled by many biotic and abiotic
factors, many of which are well understood. For instance, the quality or chemical
composition of leaves, as well as the community of organisms, such as
macroinvertebrates, fungi, and bacteria, consuming the organic matter, will partially
determine how quickly decomposition occurs (Melillo et al. 1982, Covich et al. 1999).
Environmental variables such as temperature, light, water chemistry, dissolved oxygen,
and physical disturbance can also alter the decay rate (Guo & Sims 2001, Gulis &
Suberkropp 2003, Webster & Benfield 1986, Gurtz, et al. 1988). Despite a good
understanding of the role of individual factors on decomposition, the cumulative effects
10

of multiple factors, especially those that change in response to anthropogenic influences,
are not as well understood.
Invasive plants along streambanks, introduced and spread mostly through human
behavior, represent a relative unknown in ecologists’ understanding of stream ecology,
despite a wealth of studies examining invasive plant impacts in terrestrial communities
(Bailey et al. 2001, Reinhart & VandeVoort 2006). Based on studies in terrestrial
systems, invasive plants can be expected to directly affect leaf litter decomposition in a
system. For instance, litter from invasive species often contains a different chemical
composition than natives, resulting in altered decomposition rates between species.
Godoy et al. (2010) investigated 19 co-familial native-invasive pairs and found overall
slower terrestrial decomposition rates among leaf litter of invasive species. Some studies
have shown no significant difference in the decomposition rates, but found altered
nutrient retention between native and invasive plant litter (Hata et al. 2012). Several other
studies have found increased decomposition rates in invasive litter. For example, Allison
and Vitousek (2004) compared the decay rates of 5 native and 6 invasive understory
plants in terrestrial plots and found wide variation, with invasives decomposing more
quickly than natives.
Only a few studies that have examined effects of invasive species on aquatic
decomposition rates have found similar effects. For example, Swan et al. (2008)
compared in-stream decomposition rates of 6 native riparian tree species to that of the
invasive tree of heaven (Ailanthus altissima) and found consistently faster decomposition
from the invasive. An aquatic study in which litter from a native plant and invasive
saltcedar (Tamarix ramossisima) were paired found faster leaf decomposition and lower
11

abundance and diversity of macroinvertebrates associated with the saltcedar (Bailey et al.
2001).
Invasive plants can also alter decomposition rates and invertebrate communities
indirectly by altering environmental factors such as light availability and habitat quality.
Ashton et al. (2005) compared various native and invasive plant litter species in
uninvaded plots and plots invaded by Alliaria petiolata (garlic mustard), Lonicera
japonica (Japanese honeysuckle), Celastrus orbiculata (Asian bittersweet), Elaeagnus
umbellate (autumn olive), and Rosa multiflora (multiflora rose). The study found faster
terrestrial decomposition rates in invaded sites independent of plant litter type. The
authors suggested that altered microbial communities and microclimates could drive
differences. Another study in an aquatic environment showed some differences between
saltcedar invaded versus uninvaded sites in leaf litter decomposition rates, which were
thought to have resulted from altered aquatic invertebrate communities (Kennedy &
Hobbie 2004). Further, Read and Barmuta (1999) compared stream reaches invaded by
willows (Salix spp) to native reaches and found altered benthic invertebrate communities
due to altered light regimes, water chemistry, and patch quality.
One invasive plant that may have significant impacts on leaf litter decomposition
dynamics in aquatic systems is Lonicera maackii (amur honeysuckle). L. maackii is an
invasive exotic shrub of Asian origins which thrives in the Eastern United States.
Originally planted as an ornamental and to aid in erosion control, this species
aggressively spreads by a number of means, most notably through birds that carry the
seeds after consuming the plant’s abundant berries. The plant is characterized by dense
vegetation up to 5 m tall and shallow yet extensive root structures (NPS 2013).
12

Lonicera maackii has been studied for a number of years, and many of its effects
on terrestrial systems are relatively well known. For instance, the plant is among the first
to leaf out in the early spring and among the last to lose its leaves in the fall, resulting in a
prolonged growing season. The early leaf expansion, late leaf abscission, and dense
canopy formations result in increased competition for light and decreased reproductive
abilities of nearby and understory plants of other species (Miller & Gorchov 2004).
Allelopathic chemicals in the leaf and root tissues of L. maackii have also been found to
inhibit seed germination of native plants (Dorning & Cipollini 2006). Relatively high
nitrogen content leaves and rapid terrestrial decomposition rates of L. maackii in
terrestrial systems can alter nutrient cycling dynamics (Blair & Stowasser 2009). A study
by Trammell et al. (2012) suggested that L. maackii inhibits foliar production since
forests invaded by L. maackii produced significantly less leaf biomass than comparable
uninvaded forests. This study also found increased decay rates and nitrogen release
associated with L. maackii leaf litter as compared to Acer saccharum (sugar maple).
Additionally, L. maackii can influence invertebrate communities; studies have shown that
phenolic metabolites may deter damage from terrestrial insect herbivores (Cipollini et al.
2008).
Despite the longstanding efforts to understand terrestrial implications of L. maackii
invasion, fewer studies have sought to determine the effects on aquatic ecosystems.
Recently, however, ecologists have attempted to investigate these consequences. A study
by Lewis and Brown (2010) compared leaf litter from L. maackii to that of 3 native
species (sycamore (Platanus occidentalis), dogwood (Cornus florida), and redbud
(Cercis canadensis)) in an invaded urban stream environment and found that L. maackii
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decomposed faster than the native species. McNeish et al. (2012) found faster in-stream
L. maackii leaf litter decomposition rates and altered invertebrate communities compared
to leaves of native ash (Fraxinus spp.) and sycamore, and mixed leaf packs. To date, no
published studies have looked at both direct and indirect effects of this species on aquatic
decomposition and associated macroinvertebrate communities. The purpose of this study
is to evaluate the direct and indirect effects of L. maackii invasion by investigating
decomposition rates of L. maackii and the native species Acer saccharum (sugar maple)
in stream segments adjacent to areas of L. maackii invasion and in areas where the L.
maackii has been removed for restoration purposes. We will address three specific
questions: 1.) Do L. maackii and A. saccharum differ in their decomposition rates in
stream ecosystems? 2.) Does L. maackii invasion of streambanks indirectly alter
decomposition rates for both species? 3.) Do L. maackii and A. saccharum differ in their
direct and indirect effects on macroinvertebrate communities?

Methods
Study Site
Beargrass Creek is a network of three converging waterways (South Fork, Middle
Fork, and Muddy Fork) in Jefferson County, Kentucky that drains 160 km2 of
surrounding watershed and empties into the Ohio River. This study took place in the
Middle Fork of Beargrass Creek (38°14'14", 85°39'53”), a 3rd order stream with an
average discharge of approximately 1.1 cms (USGS 2013). The Middle Fork Beargrass
Creek subwatershed passes through suburban and urban land, 33% of which is
impervious surface (Beargrass Creek Watershed Council 2005). Despite the fact that the
14

stream also runs through a series of city parks and protected lands, this stream is highly
symptomatic of urban stream syndrome. Portions of the streambank have been entirely
paved, a Combined Sewage Overflow system frequently leaks contaminants into the
waterway, and high levels of surrounding impervious surface create incised channels,
frequent flash floods, and increased chemical runoff (Beargrass Creek Watershed Council
2005). Still, Middle Fork Beargrass Creek has a small but resilient community of aquatic
invertebrates, fish, and plants, and the local human community and park organizations
have been working over the past several years to restore the biodiversity of the creek and
surrounding riparian zones.
In 2005, the Olmsted Parks Conservancy initiated a $3.5 million project aimed at
eliminating invasive species in several parks throughout Jefferson County. Since then, L.
maackii, which established widely in Cherokee and Seneca Parks after the 1974 tornado,
has been removed in about 98% of these two parks (Waltman pers. comm., 2013). To
date, about 28% of Middle Fork Beargrass Creek remains invaded by L. maackii (Fig 12). At the start of this experiment, three segments of Middle Fork Beargrass Creek which
run through L. maackii removal areas, as well as three nearby segments where L. maackii
remains, were chosen in order to investigate the effects of L. maackii removal versus
invasion (Fig. 2-1). Due to an early miscommunication with management, one of the
initial L. maackii invaded sites had to later be reassigned as a L. maackii removal site,
thus resulting in two invaded and four removal plots. All segments occurred in a 7 km
stretch of stream. The native species, A. saccharum, was chosen to compare litter
decomposition rates because it is also well represented in the study areas.

15

Experimental design
This study was a reciprocal transplant experiment in which leaf litter from L.
maackii and native A. saccharum was collected soon after senescence in Fall 2011 and air
dried for 3-8 weeks. Leaf packs were then made by weighing 5.00 ± 0.05 grams of leaf
litter from a single species and placing them in 5mm mesh bags (24 x 37 cm). One
hundred thirty-two bags of each species were prepared, or 264 bags total. Seven A.
saccharum packs were tied to a nylon string and coupled with seven L. maackii packs to
form each paired replicate. These replicates were then secured with zip ties to root
bundles on the sides of the streambank in early January 2012. Two study sites in
segments of the stream adjacent to L. maackii invasion as well as four sites where L.
maackii had been removed were chosen, and each study site contained three paired
replicates (Fig. 2-1). Additionally, 6 control bags of each species were carried throughout
the process but were not incubated in the stream. The bags were then taken back to the
lab for immediate processing to account for handling loss and air dry/ oven dry/ ashed
mass conversions.
The differences in decomposition rates between A. saccharum and L. maackii
were expected to be significant due to chemical and physical differences of the leaves
(Trammell et al. 2012), so collection dates for each species followed a separate schedule.
One bag of A. saccharum from each of 3 replicate strings at each site was collected 16,
49, 75, 112, 140, 181, and 216 days after experiment initiation and one bag of L. maackii
from each replicate string and each site was collected at days 3, 6, 10, 16, 26, 35, and 49.
When collected, mesh bags were placed in plastic Zip lock bags, transported to the lab
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over ice, and stored at 4° C until ready to process. Additionally, environmental variables
(light, temperature) were measured on one day to compare between-site conditions.
Leaf litter decomposition
In the lab, leaf litter was removed from mesh bags and gently rinsed over 4mm
and 121µm sieves. Material that was retained in the 4mm sieve was placed in paper
bags, oven dried at 60° C for 48 hours, cooled, and weighed in order to measure leaf
mass loss on each sampling date. It was apparent upon collection that significant
sediment infiltration had occurred in our samples, producing artificially high oven dry
mass (ODM). Therefore, a subsample of each sample was then removed, weighed in an
aluminum pan, combusted at 550° C for one hour, cooled in desiccators for 4 hours, and
re-weighed. This was used to calculate the ash-free dry mass (AFDM) and standardize
the percent organic mass loss at every interval to account for sediment deposition.
Additionally, sediment samples were taken from the field sites and also dried at 60° C
and 550° C to estimate the organic content in sediment. We then used a soil correction
equation to isolate the fraction of organic content originating from leaf litter rather than
sediment infiltration (Blair 1988).
Macroinvertebrates
Material that passed through the 4mm sieve and was retained by the 121µm sieve
was transferred to Whirl-paks® and stored in 70% ethanol. Once all collections were
complete the material was transferred to petri dishes and sorted, and macroinvertebrates
were identified under a dissecting microscope and archived in glass vials. Invertebrates
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were identified to family (or lowest reasonable taxon) and assigned to functional feeding
groups (FFG) based on Merrit et al. (2008) and Thorp & Covich (2001).
Data Analysis
The percent ODM remaining was plotted against time, and the exponential decay
model was used to calculate the daily decomposition constants (k) for each replicate
(Peterson & Cummins 1973). The percent AFDM remaining was also plotted against
time and the corresponding k values were calculated to remove the influence of inorganic
deposition. Two-way mixed-model analysis of variance (ANOVA) tests were then
performed on the resulting ODM and AFDM k values using leaf litter species and stream
invasion status as fixed factors and site as a random covariate.
Macroinvertebrate abundance per site (the 3 replicates were composited) per
collection day was ln(abundance+1) transformed and analyzed using mixed-model
ANOVA with time, stream invasion status, and leaf litter species as fixed factors and site
as a random covariate. Morphotype richness and Shannon diversity were averaged
between the three replicates (in order to account for one missing data point) per site per
collection date and was also analyzed with a mixed-model ANOVA using time, stream
invasion status, and leaf litter species as fixed factors and site as a random covariate.
These dependent variables were also analyzed on day 49, the last day that both litter
species were still present in litter bags, with litter species and invasion status as fixed
factors and site as a random covariate. Additionally, FFGs were also averaged per site
per collection day and analyzed across all days and on day 49 using the same methods.
Bonferroni corrections were not considered in order to take a liberal interpretation of any
possible effects on functional groups. For statistical interpretation, we used α= 0.05, and
18

any p-value between 0.05 and 0.1 was considered marginally significant. Statistical
analyses were performed using SYSTAT (Version 13).
Results
Lonicera maackii decomposed significantly faster than A. saccharum when either
ODM or AFDM k values were used (Table 2-1, 2-2). On day 49 across all sites, 93.47%
AFDM was lost by L. maackii, compared to 68.27% AFMD by A. saccharum. Acer
saccharum took 112 days to achieve 92.08% loss (Fig. 2-2).

The daily decay

coefficients, which represent the grams of leaf litter lost per gram of leaf litter present per
day, ranged from 0.019 to 0.072 for A. saccharum litter and 0.038 to 0.095 for L. maackii
litter (Table 2-1). The results of the two-way ANOVA suggested that the stream invasion
status did not have a significantly detectable effect on mass loss (Table 2-2).
Additionally, interactive effects between litter species and stream invasion status were
not significant (Table 2-2).
Macroinvertebrate analyses for total abundance across all days were significant
with respect to time and litter species effects (Table 2-3). Abundance increased over time
and the cumulative total was ultimately 400% higher in A. saccharum compared to L.
maackii (Fig. 2-3). Morphotype richness was significant with respect to time, and
Shannon diversity index was marginally significant with respect to time (Table 2-3, Fig.
2-3), with diversity increasing as number of days progressed. On day 49, invertebrate
abundance differed significantly by species (Table 2-4) with 43% higher abundance
associated with A. saccharum (Fig. 2-3).
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Analysis of FFGs showed overall significant increases in predators and shredders
over time and marginally significant increases in collector gatherers over time
irrespective of litter species (Table 2-5). On day 49, analysis of FFGs showed higher
abundances of predators and scraper-gatherers associated with A. saccharum (177% and
172% greater, respectively) compared to L. maackii litter (Table 2-6). Predators also
showed a significant stream invasion status effect on day 49 (108% greater across both
litter species) and a marginally significant invasion status x litter species effect, with
greater numbers of predators associated with L. maackii invaded plots, especially in the
A. saccharum litter (Fig 2-4). The average number of individuals in each FFG for each
treatment across all days and on day 49 was also calculated (Fig 2-5). From this, we
determined that collector gatherers were the most abundant FFG in A. saccharum litter
across all days, accounting for about 56% of all individuals. In L. maackii litter,
shredders were the most abundant across all days, accounting for about 66% of all
individuals. On day 49, shredders were the most well represented FFG, accounting for
69% of all individuals in A. saccharum litter and 65% of individuals in L. maackii litter.
Discussion
This study showed that L. maackii litter decomposed approximately twice as
quickly as A. saccharum litter, with mean residence times (1/k) of 19.45 and 39.04 days,
respectively. This trend is consistent with similar studies that found invasive L. maackii
decomposed more quickly in aquatic environments than its various native counterparts
(Lewis & Brown 2010, McNeish et al. 2012). This is unsurprising since the rate of decay
between species depends largely on litter quality, and L. maackii is known to have a
higher nitrogen content than A. saccharum (Trammell et al. 2012).
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We found no evidence that streambank invasion by L. maackii affected
decomposition. Acer saccharum decomposed slightly slower in areas of L. maackii
invasion, with a mean residence time of 42.1 days in invaded sites as opposed to 36.0
days in removal sites, and L. maackii decomposed slightly faster in areas of invasion,
with mean residence times of 19.2 and 19.7 days in invaded and removal sites. However,
these differences were not statistically significant. To our knowledge, no prior studies to
investigate the effects of L. maackii invasion in adjacent riparian areas on aquatic leaf
litter decomposition rates have been published. However, we expected that in aquatic
systems, L. maackii could indirectly alter decomposition rates by altering the biotic and
abiotic environment. For instance, replacement of native trees with L. maackii, a low and
overhanging shrub, could influence stream shading, altering both light and temperature.
In general, decomposition is often slowed in cooler, shadier streams (Lagrue et al. 2011).
These effects could have been undetectable due to the season in which our study was
performed, since L. maackii had finished decomposing by mid-February, when leaves on
L. maackii bushes were not present. However, light and temperature measurements taken
in June were still not found to significantly differ between treatments or sites. Lonicera
maackii is also known to be allelopathic and has been found to influence aquatic insect
species (Going & Dudley 2008), which in turn could alter organic matter processing
(Covich et al. 1999).
Our results are inconsistent with terrestrial studies in which L. maackii-invaded
environments influenced decomposition rates for multiple species of leaf litter in
terrestrial environments. Trammell et al. (2012) found small but detectably faster
differences in A. saccharum decomposition in the presence of L. maackii invasion, and
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Arthur et al. (2012) found slower decomposition rates of both native and invasive litter in
L. maackii invaded environments. Trammell et al. (2012) cited potential influences on
microclimate, soil chemistry, and decomposer communities, as well as possible
confounding landscape-scale factors such as nitrogen deposition and the urban heat island
effect, as reasonable factors in their particular study. Arthur et al. (2012) attributed the
effects to changes in microbial communities and potential changes in soil moisture.
In this study, we found that overall abundance of macroinvertebrates increased
with time, possibly due to extended colonization periods and changes in seasonal weather
(Pond et al. 2003). Acer saccharum leaf litter decomposed more slowly than L. maackii,
so A. saccharum supported higher macroinvertebrate abundances than L. maackii.
However, there were litter species effects irrespective of time as well, with higher
abundances of macroinvertebrates on A. saccharum across all dates and on day 49, when
both litter species could be simultaneously compared. Morphotype richness and Shannon
diversity of invertebrates increased with time across all dates, with diversity increasing as
the in-stream incubation period progressed. This was most likely due to increases in
Chironomidae and Oligochaeta (collector-gatherers), Asellidae (shredders), and
Planariidae (predators); these four taxa were by far the most widely represented
invertebrates found in this study (Appendix A). The FFGs associated with these taxa
were also found to increase with time (Table 2-5). On day 49, higher abundance of
predators and scraper gatherers were supported in A. saccharum versus L. maackii litter
(Table 2-6). Primary consumers were likely deterred by phytotoxic chemicals from L.
maackii (Cipollini et al. 2008), which would also deter higher trophic levels in L. maackii
litter. Furthermore, the higher abundances of predators were found in L. maackii invaded
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sites, especially on A. saccharum litter (Fig. 2-4). Although the exact mechanisms of this
observation are uncertain, it is notable that the predators were dominated by Planariidae
(flatworms), which unlike many aquatic invertebrates, do not experience a terrestrial life
stage. Therefore, these individuals could potentially be less impacted by indirect effects
of terrestrial invasion of L. maackii along the streambank.
Overall, collector gatherers represented the greatest proportion of individuals
found on A. saccharum litter, constituting 54% and 59% of the total community
abundance in invaded and removal sites, respectively. Shredders represented the second
highest proportion of invertebrates in these site categories, with 41% and 39%
respectively. In L. maackii litter, shredders were the most abundant (61% and 72% in
invaded and removal plots), and collector gatherers were the second most abundant (37%
and 27%). On day 49, shredders constituted the highest proportion of individuals in each
treatment; in A. saccharum shredders accounted for 59% and 81% of the total community
numbers in invaded and removal plots, respectively, and in L. maackii they accounted for
62% and 68%. Collector gatherers were the second most abundant FFG across these
treatments (Fig. 2-5). These data are contrary to a similar study, which found higher
densities of macroinvertebrates, especially collector gatherers, on L. maackii rather than
native leaf litter (McNeish et al. 2012). The causes of these inconsistencies are
indefinite. However, a few differences between study sites could offer some explanation.
The stream in our study, located near suburban development, was highly polluted with
combined sewer effluent and affected by rapid runoff events typical of urban stream
syndrome (Beargrass Creek Watershed Council 2005), which could potentially influence
macroinvertebrate communities (Cuffney et al. 2010). The extent of urban stream
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syndrome in the McNeish (2012) study stream is unclear. Our invertebrate community
assemblages were also different; although our study had 10 out of the same 14
invertebrate morphotypes found in the McNeish (2012) study in common, we also found
21 additional morphotypes that were not present in the other study.
The lack of detectable indirect effects (effects of stream invasion status) in our
study may be due to an overriding factor: urbanization. Urbanization influences
hydrologic regimes and water chemistry in a number of ways. Increased impervious
surface can lead to increased surface runoff and decreased evapotranspiration of plants,
which alters streamflow patterns by increasing frequency of high flow and altering base
flow/storm flow dynamics (Konrad & Booth 2005). This, in turn, alters biological
communities by decreasing suitable habitat (Konrad & Booth 2005). Higher nutrients in
urban streams can increase microbial activity (Imberger et al. 2008), but pollution such as
pavement sealant runoff can decrease invertebrate abundance and alter community
assemblages (Bryer et al. 2010). A study by Chadwick et al. (2006) attempted to identify
and quantify the biological, physical, and chemical effects of urbanization on ecosystem
processes such as litter decomposition. The study concluded that effects of urbanization
due to impervious surface, such as altered flow regimes and invertebrate biodiversity, can
influence leaf litter decay rates depending on local characteristics and interactive effects
between attributes.
Additionally, differences between L. maackii invaded versus restored stream
reaches could be undetectable due to legacy effects remaining even after the shrub had
been removed. For example, one study investigated the effects of invasive tree,
especially Acacia spp., removal in riparian zones on aquatic macroinvertebrate
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communities. The removal sites were more similar to the pristine than the invaded sites,
but some evidence of legacy effects existed (Samways et al. 2011).
Conclusion
Leaf litter decomposition is an essential ecosystem process that is responsible for
supporting stream ecosystems and cycling nutrients, and changes in decomposition rates
could have longstanding impacts throughout the rest of the aquatic food web. For
instance, leaf litter that falls into a stream typically supports the ecosystem throughout the
winter months. However, if the rate of decomposition is increased such that organic
matter leaves the system twice as quickly usual in a system, as found in our study, then
fewer resources could be available to invertebrates and subsequent trophic levels in the
spring. Findings from our study show that L. maackii litter reduces the abundance of
macroinvertebrates, in part due to its rapidly decaying litter. Streambanks densely
colonized by this invasive shrub would likely reduce macroinvertebrate abundance and
alter FFGs along these reaches; this trend was detectable, even in a highly disturbed,
urban stream. Anthropogenic influences such as increased impervious surface, increased
nutrient inputs, and decreased riparian buffer zones have significantly influenced the leaf
litter decomposition and associated invertebrate communities in stream ecosystems
(Chadwick et al. 2006, Gulis & Suberkropp 2003, Kreutzweiser et al. 2010), and the
introduction of invasive species is no exception to this rule.
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Table 2-1. K-values based on corrected AFDM data

1

Stream
Invasion
Status
Invaded

2

Removal

3

Removal

4

Removal

5

Removal

6

Invaded

Site

Acer saccharum, average
from day 0-112

Lonicera maackii, average
from day 0-49

0.044219

0.064924

0.028775

0.095351

0.024311

0.044981

0.072189

0.06749

0.027517

0.055252

0.018653

0.038444
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Table 2-2. ANOVA table, F-statistics and p-values for ODM and AFDM. Significant
factors (p<0.05) are in bold
Oven Dry Mass (ODM) k

Litter species
Invasion status
site
Invasion status x litter species

df
1
1
4
1

F
7.227
0.381
1.144
1.874
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p
0.012
0.570
0.253
0.182

Ash-Free Dry Mass
(AFDM) k
df
F
p
1
8.765 0.006
1
0.494 0.521
4
0.988 0.323
1
0.206 0.654

Table 2-3. Statistics for abundance, morphotype richness, and Shannon diversity across
all dates. Significant factors (p<0.05) are in bold.
Morphotype
Richness

ln(Abundance)
df

F

p

df

Time

1

29.029

<0.001

1

30.876 <0.001

1

4.242 0.053

Litter species

1

5.561

0.029

1

1.805

0.194

1

1.643 0.215

Invasion
status

1

0.146

0.712

1

0.097

0.760

1

0.288 0.605

Site

4

0.359

0.720

4

0.199 0.842

Invasion
status x litter
species

1

0.000

0.989

1

0.055

0.816

1

0.086 0.772

Invasion
status x time

1

0.315

0.581

1

0.001

0.974

1

0.615 0.442

Litter species
x time

1

7.945

0.011

1

0.162

0.692

1

0.312 0.583

Invasion
status x litter
species x time

1

0.026

0.874

1

0.088

0.770

1

0.363 0.553
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F

Shannon
Diversity
p

df

F

p

Table 2-4. Statistics for abundance, morphotype richness, and Shannon diversity on day
49. Significant factors (p<0.05) are in bold.
Morphotype
Richness

ln(Abundance)

Shannon Diversity

df

F

p

df

F

p

df

F

p

Litter species

1

22.281

0.009

1

2.439

0.193

1

1.822

0.248

Invasion status

1

0.195

0.681

1

1.754

0.256

1

1.538

0.283

site

4

1.366

0.172

4

4

1.183

0.237

Invasion status
x litter species

1

0.419

0.553

1

1

2.212

0.211
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0.011

0.922

Table 2-5. Statistics for Functional Feeding Groups across all dates. Significant factors
(p<0.05) are in bold.
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Table 2-6. Statistics for Functional Feeding Groups, Day 49. Significant factors (p<0.05)
are in bold.
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Figure 2-1. Map of field sites.
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Figure 2-2. Percent ODM (oven dry mass) and AFDM (ash-free dry mass) remaining,
mass loss curve. Error bars indicate ± 1 SE.
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Figure 2-3. Average macroinvertebrate abundance per site and average morphotype
richness per replicate. Error bars indicate ± 1 SE.
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Figure 2-4. Average number of predators per treatment, day 49. Error bars indicate ± 1
SE.
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Figure 2-5. Average number of invertebrates per site per collection day, by FFG.
Collector filterers and scraper gatherers are not represented due to low abundances.
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CHAPTER 3: CONCLUSION

The results of this study (Chapter 2) indicate that Lonicera maackii can have
direct effects on in-stream leaf litter decomposition rates and associated
macroinvertebrate communities. Lonicera maackii leaf litter decayed about twice as
quickly as the native A. saccharum litter and supported fewer invertebrates. Lonicera
maackii also indirectly affected the predator functional feeding group of
macroinvertebrates as a result of the location of litter near areas of L. maackii invasion.
The effects on macroinvertebrate communities were amplified by the short residence
times of L. maackii litter, resulting in even smaller and less diverse invertebrate
communities over time. In order to gain more insight into these intricate processes,
follow-up studies should be performed.
If I were to perform this study again, I would change the following aspects of the
experimental design to get more interesting results. I would increase the number of sites
along Beargrass Creek and set equal numbers of L. maackii invaded and removal plots. I
would also schedule more collection dates to compare associations of both species of
litter on the same day. More species of native litter could be included in order to get a
more realistic insight into the overall effects of L. maackii. Furthermore, I would
perform tests on the incubated leaf litter samples to get approximations of fungal and
bacterial biomass and microbial respiration as a proxy for heterotrophic microbial
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activity. Doing so would help explain differences in macroinvertebrate abundance and
FFG structure.
Although the abundance of invertebrates increased significantly with time, a
calculation of number of invertebrates per gram leaf litter indicated that many of these
packs had far more invertebrates than could have been supported by the extremely small
amount of litter leftover toward the end of the study. Some of these invertebrates could
have been using the mesh bag as habitat rather than feeding on the litter. This could have
made additional noise in the data, and possibly confounded subtle changes in invertebrate
communities. In order to avoid this in the future, I would set control mesh bags with no
litter in order to account for invertebrates that use the bags as habitat over the entire
decomposition period.
Lonicera maackii could potentially influence invertebrates outside of leaf packs, so
collecting benthic samples throughout the year would allow us to better understand these
changes. Additionally, I would add sites in pristine, non-invaded areas. In doing so I
would calculate multi-metric macroinvertebrate bioassessment indices as an indicator of
stream health. High density L. maackii invasion has also been found to be correlated
with reduced primary production of nearby native tree species, resulting in overall
decreased foliar output (Trammell et al. 2012). This could potentially alter nutrients that
would be available to invertebrates throughout the winter and spring. I would design a
study that investigates these effects on aquatic processes by measuring standing litter and
associated invertebrates in invaded and removal plots.
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Finally, one reason we did not detect sizable indirect effects of L. maackii
invasion could have been due to the scale of the project. We know from the GIS study
that large stretches of Beargrass Creek are invaded, while some other sizable stretches do
not have L. maackii present. We could add some sites that are in larger patches of
uninvaded, invaded, or recently removed stretches of stream, possibly across more
watersheds.
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APPENDIX
Appendix A. Average number of each taxon per site per collection on day 49 and across
all days. Functional feeding group (FFG): Collector filterers (CF), collector gatherers
(CG), predators (P), scraper gatherers (SG), and shredders (SH).
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